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Description 

FiELD OF THE INVENTION 

[0001] This invention relates to the field of suture manufacture and more specifically It relates to a process for making 
sutures from copolymers of glycollde and e-caprolactone. 

BACKGROUND OF THE INVENTION 

[0002] Copolymers of glycollde and caprolactone have been described by Jamiolkowski et al. in U S Patent Nos 
4.605.730 and 4.700.704 and by Bezwada et al. in U.S. Patent No. 5.133,739 (all hereby incorporated by reference) 
As disclosed by Jamiolkowski and Bezwada. these copolymers may be processed into monofilament sutures which 
are exceptionally compliant while retaining significant straight tensile strength and knot strength. Jamiolkowski disclos- 
es that these glycol ide/e-caprolactone copolymers may be made into sutures by extruding the copolymer into a filament 
then onenting (stretching or drawing) the filament in a two-step process and annealing the filament for 5 to 16 hours 
The fibers disclosed by Jamiolkowski with the lowest Young's Modulus values (under 200 Kpsi) would be expected to 
be the most compliant fibers, 

[0003] Bezwada et al. also discloses glycolide/e-caprolactone copolymers which are produced by reacting a prepol- 
ymer of e-caprolactone and glycollde with additional glycolide. 

[0004] Bezwada describes these copolymer as having very low Young's Modulus values and desirable strength and 
knot tensile strengths. 

[0005] However, It would be desirable to optimize the process used for manufacturing sutures from these copolymers 
with high straight and knot tensile strengths and low Young's Modulus values. 

SUMMARY OF THE INVENTION 

[0006] We have discovered a process for producing a suture comprising the steps of (a) extruding melted copolymer 
composed substantially of glycoside and e-caprolactone resin through an orifice and rapidly quenching the melted 
copolymer resin to produce a filament; (b) drawing the filament in the range of from 4X to 7.5X in a first drawing zone 
to produce a drawn filament; (c) drawing the singly drawn filament in a second drawing zone in the range of from IX 
to 4X while in a first heated zone being maintained at a temperature in the range of from 65.6X (150°F) to 232 2°C 
(450°F), to form a doubly drawn filament; (d) in-line relaxation of the doubly drawn filament in the range of from 0 65X 
to 0.98X. in a second heated zone being maintained at a temperature in the range of from 37.8°C (lOC^F) to 204 4°C 
(400°F), to form a relaxed filament; then rack annealing the relaxed filament. 

[0007] Preferably, the second heated zone is maintained at a temperature in the range of from 50°C (122°F^ to 
148.9°C (300°F). \ ; iu 

BRIEF DESCRIPTION OF THE FIGURES 

[0008] The FIGURE Is a side elevation, partially schematic of an apparatus suitable for carrying out the process of 
the present Invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] As used herein the term glycolide/e-caprolactone copolymers shall include copolymers composed primarily 
of repeating units having the chemical formula i and II: 

[-0-(CH2)5-C(0)-]a I 

[-0-(CH2)-C(0)-]b II 

[0010] Preferred are the glyco!ide/e-caprolactone copolymers described in U.S. Patent Nos. 4,605,730; 4 700 704 
and 5,133.739. However, minor amounts (i.e. less than 10% by weight and preferably less than 5% by 'weight) of other 
aliphatic ester monomers may also be present in these copolymers. Suitable additional repeating units Include [-O-R5-C 
(O)-] where R5 is selected from the group consisting of -C(R6){R7)-, -(CH2)3-0-, CHg-CHg-O-CHj-, -CRgH-CHj- 
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-(CH2)f-0-C(0)- and -(CH2)f-C(0)-CH2-; Rg and R7 are independently hydrogen or an alkyi containing from 1 to 8 
carbon atoms, provided that Rg and R7 are not both hydrogen; R3 is hydrogen or methyl and F is an integer in the 
range of from 2 to 6. Suitable aliphatic esters repeating units Include but are not limited to repeating units selected 
from the group consisting of p-dioxanone, trimethylene carbonate, lactide, 1 .5-dioxepan-2-one. 1.4-dioxepan-2-one 

5 and 6,6-dimethyl -1 ,4-dioxepan-2-one. 

[001 1] The preferred method for preparing the flexible glycolide/e-caprolactone sutures of the present invention uti- 
lizes as the raw material pellets of glycoltde/£-caprolactone copolymer (prepared as described by Bezwada) having a 
weight average molecular weight of from 59,000 MW to 1 00,000 MW and has a crystallinity of greater than 1 0 percent 
and preferably greater than 15 percent as measured by x-ray diffraction. 

10 [0012] Referring to the FIGURE, there is shown an apparatus that is suitable for carrying out the present invention. 
An extruder 10 is terminated at one end with an extrusion die 12. A longitudinal extruder screw is mounted for rotation 
within the barrel 16 and is driven by a variable speed motor 18 through a gear 20. Polymer pellets are introduced into 
the extruder through hopper 22 which communicates with the barrel 16. In normal operation of the extruder 10, the 
feeding zone 24 of the extruder is maintained at a temperature in the range of from 176.7°C (350°F) to 232.2°C (450°F), 

15 the transition zone 26 is maintained at a temperature in the range of from 176.7°C (350°F) to 232.2''C (450°F), and 
the pump block 30, block 28 and die 12 are maintained at a temperature in the range of from 171. 1°C (340°F) to 260°C 
(SOO^'F). A pump 33 driven by a motor 32, pumps the molten copolymer through spinneret orifices In the die 12 to form 
a plurality of filaments 31 (for simplicity only one filament is shown in the FIGURE). The filament 31 is extruded into 
quench bath 34. The quench bath 34 is filled with a liquid heat exchange medium. The surface of the liquid in the 

20 quench bath 34 is preferably not more than a few centimeter below the die 12 in order to achieve rapid cooling of the 
extruded filament 31. Preferably, the gap will be in the range of from 0.635 cm (1/4") to 17.78 cm (7"). The quench 
bath 34 is maintained at a temperature below 48.9''C (120''F) and preferably the quench bath 34 is maintained at about 
room temperature. The filament 31 enters the quench bath 34 and travels around idler roll 36 in the quench bath 34 
and then up out of the quench bath 34 to another idle roller 35 then to the first godet 37 in the first drawing zone 2. In 

25 the first drawing zone 2 the filament 31 is drawn in the range of from 4X to 7.5X its original length. The filament 31 
may be drawn incrementally or in several discrete steps in the first drawing zone 2. The drawing may preferably be 
perfomned in a heated cabinet, or by using heated godets). 

[001 3] In the preferred embodiment of the invention shown in the attached Figure, the filament 31 is drawn by a first 

godet 37 and a second godet 42. The first godet 37 includes several rolls 38. The first godet 37 is rotated at a peripheral 

30 speed that is equal to or slightly higher than the speed at which the filament 31 is extruded from the die orifice 12. The 
first godet 37 may be combined with a nip roller (not shown) to assure the filament 31 does not slip in the subsequent 
drawing to the extruded filament 31 . The first draw of the extruded filament 31 will be performed by feeding the extruded 
filament 31 from the first godet 37 to second godet 42 which includes several rolls 43. The second godet 42 is rotated 
at a peripheral speed that is in the range of from about 4X to about 7.5X of the speed of the first godet 37. 

35 [0014] Thefilament31 then passes into a second drawing zone 4, where the filament 31 is drawn again in the range 
of from IX to 4X while in a first heated zone 46. The filament 31 may be drawn incrementally or in one or more discrete 
steps in the second drawing zone 4. The drawing will be performed in a first heated zone 46. The temperature of the 
first heated zone 46 will be in the range of from 65.6°C (ISO'^F) to 232.2**C (450**F). preferably in the range of from 
79.4**C (175**F) to 204.4''C (400''F). The filament 31 will remain in the first heated zone 46 generally only a short time 

40 preferably in the range of from 1 .0 seconds to 30 seconds. 

[0015] In the prefen-ed embodiment of the invention shown in the attached Figure, the filament 31 passes through 
a first heated zone 46 to a third godet 50. The first heated zone 46 is preferably an orienting oven 48. The filament 31 
is drawn in the range of from IX to 4X, while traveling from the second godet 42 to the third godet 50 in the first heated 
zone 46. The third godet 50 includes a main roll 51 and an air bearing 52, that are rotating at a peripheral speed of IX 

45 to 4X of the peripheral speed of the second godet 42. Preferably the draw ratio will be in the range of from 1X to 3X, 
preferably 1. OX to 1.9X. 

[0016] The filament 31 then passes from the second drawing zone 4 into an annealing zone 6. where the filament 
31 is annealed and allowed to shrink. In the annealing zone 6 the filament 31 is placed in a second heated zone 54 
that is maintained at a temperature in the range of from 37.8°C (lOO^'F) to 204.4''C (400''F). preferably from 65.6°C 

50 (ISO^F) to 176.7°C (350**F), wherein the filament is allowed to shrink to the range of from 98 percent to 65 percent, 
preferably from 98 percent to 75 percent and more preferably ft-om 95 to 75 percent of the filament original length. The 
filament 31 may be allowed to shrink incrementally or in one or more discrete steps in the second heated zone 54. The 
filament 31 wilt remain in the second heated zone 54 for a short time generally in the range of from 1 .0 to 30 seconds 
and preferably in the range of from 3.0 seconds to 20 seconds. 

55 [001 7] In the preferred embodiment of the present invention shown in the attached FIGURE, the filament 31 passes 
through a second heated zone 54 to a fourth godet 56. The heated zone 54 is preferably an annealing oven 60. The 
fourth godet 56 includes several rolls 57 that are rotating at a peripheral speed of 0.8X to about 0.98X of the peripheral 
speed of the third godet 50. Preferably the relaxation ratio will be in the range of fi'om 0.75 to 0.9X. After passing around 



3 
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wm H ^ T T °' '''''^'■"""^ P«"P^^^^' «P«e^ of «he fourth gode» 56 and the S 

raoioi Th r ' ^ 'Tr^"" '° P^^'^^^^'y -^"o will be in the range of from 6 9X to 7 S 

[0019] Theres,dencet,meoffilament31withinanyoftheheatedzonescanl)eoptimizedtorrnprovrfi^^^^^ 
The overall residence t.me that filament 31 is present in the first and second heated zones XS v E he 

rangeoffrom28econdsto50secondsandmostpreferablyintherangeoffrom4secondsto30^^^^^^^ 

footn?" f ^^^^'"9 "^"'"P'^ «'^-P« °f '"^e fiber in the oven 

S n! ^ °' '"'"'^ ^""^^''"9 31 have been described in the art such as the creels disclosed 

byUstneretal|nU.S.PatentNo.3,630.205.However.unlikethecreelsdisctosedbyListnerwhiS^^^ 

to contract as they are annealed in the present invention, it is preferred to Hx both endrofte crTairL^eTl the 

fi arnents with no relaxation. Once wrapped on the creel the filament should be annealed in an ovTlt a tmpe^^^^^^^^^ 

Jrl^H^T VT I? range of from 4 hlrl 

preferabty from 5 hours to 7 hours. The filaments may be removed from the creel by cutting the filamenTai opS 

aroStSiiitr^"*^ ^'^''^ « ( 'v ethylercSidro^S: 

10021] The following non-iimiting examples are further provided to illustrate the practice of the present invention. 
EXAMPLE 



Paten No 5T3Z 739ZfLT^"T f «""^^^P^°'««^°"« '^^^-^-^ block copolymer made as described in U.S. 
roOM Th! to produce surgical sutures under the conditions set forth in Table 1 below 

Sdr^laSg iaSr406ars^M^^^^^ *7f''"'' ' '' ''^ ^^^'^ P^^^^^ agitator and 

OH arailafing jacket 7406 grams (64.9 moles) of e-caprolactone, 9205 grams (79.3 moles of glycolide) 1 9 71 ml (0 207 

mo^es^of d.ethy ene glycol (DEG) and 1 3.68 ml. (0.0045 moles) of stannous octoate (0.33 irslion ntlS 
Ivc eT^oe'^2'? """f I'' "'^^^^^ ^'♦^ evacuation a'd vru m^l^^^^^^^ 

sS 95oTa?d the b.^^^^^^^ T .^PP~*«'y 25 minutes. The circulating heating oil temper^re iJ 
^ots hl!t mfr^. H 5.^*"*' ♦^'"P«™«"'« "^'^^ea. This first stage polymerization reaction is allowed to proceed 

ttl nSffr. f ^ ^ """'^^^ °' a'^<^^'' frof" a "lelt tank with agitation After 10 minutes 

temnirrT f '° ^PP^"'"'"^^^'^ 6° '"^""•es after the addition of the molten gUTdethTbach 
irj^^d r,h!''"' I ^TT °" ♦^'"P^^a*"^-- ™s point is referred to as the crossover po ntVo^nd^ 

thlTe^lr i H r Z "^"^ '"^^ 70 '"'""^^^ fro-" --ro «'"e. the bottom of 

E, J''® polymer is then pelletized using a cutter speed maintained in the range of 3000 to 3100 RPIVI A four 

™» ?H f t T I ^ gallons/minute) and the water is maintained at 13°C. The copolymer pellets are 

rhX i ck^Trd^^^^^^^ tT'^'^' "y^- P«"«t« are dried in a vacuum tumble dryrp oS wi h 
a neatmg jacket. The drying cycle rs 18 hours at room temperature followed bv 24 hours at 1 mor thI u ^ 

mo oV^^r 7^-82,000 daltons. The melting point was 214<=C. The composition determined by NMR was 24 5 



TABLE 1 



Sample No. 


1 Reference 


2 


3 


4 


5 


6 


Polymer IV 


1.85 


1.85 


1.85 


1.85 


1.85 


1.85 


Filament Size 


1 


1 


1 


1 


1 


1 


Feed ''C 
Zone °F 


204.4 
400 


204.4 
400 


204.4 
400 


204.4 
400 


204.4 
400 


204.4 
400 


Transition *»C 
Zone °F 


204.4 
400 


204.4 
400 


204.4 
400 


204.4 
400 


204.4 
400 


204.4 
400 


Pump '^C 


243.3 
470 1 


243.3 
470 


243.3 
470 


243.3 
470 


243.3 
470 


243.3 
470 



V 
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TABLE 1 (continued) 



15 



25 



30 



45 



Qsmnlo Kin 
OdllipiU INU. 


1 Roforonf^o 
1 rvdcictlV/C 








<; 


R 


Block °C 


243.3 


243.3 


243.3 


243.3 


243.3 


243.3 


r 


HfyJ 


470 


470 


470 


470 


470 


Die °C 


248.9 


243.3 


248.9 


243.3 


243,3 


243.3 


r 


dRC\ 


470 
t / u 


4Rn 


470 


470 


470 




1 uuoo 


10*^77 

lUOf 1 




1 \JO\J\J 


i \iO\J\} 




PS! 


1503 


1505 


1503 


1502 


1502 


1502 








174Rft 
1 / too 


1QR71 


1QR71 


1QR71 


PSI 


2391 


2042 


2532 


2853 


2853 


2853 






Z r OO 




O 1 9Z 


1109 
O 1 9Z 


'^109 


PSI 


375 


400 


418 


463 


463 


463 


Pumn RPM 


6.6 


6,8 


7.0 


6.9 


6.9 


6.9 


Air Gap inches 


o.uo 


ti. OA 


l\ Ofl 
D.UO 


f\ OA 


OA 
D.UO 


f\ OA 
D.UO 


cm 


2 


2 


2 


2 


2 


2 


uuencn Dain o 




90 


90 


90 
ZU 


90 
ZU 


90 


op 


68 


68 


68 


68 


68 


68 


ocrew Krivi 


Kj.O 


o.o 


A 7 
D. f 


R R 
D.D 


R R 
O.O 


R R 
O.O 


Godet1cm/s/°C 


14.63 


14.63 


14,63 


14,63 


14.63 


14.63 


PPM /op 


10 


IR 
ID 


1 A 
lO 


1R 


1R 


1R 
lO 


Godet 2cm/srC 


77.69 


77.69 


77.69 


77.69 


77.69 


77.69 


rnlVI/ r 






00 


AR 


AR 
OO 


AR 
OO 


Orienting °C 


176.7 


176.7 


176.7 


176.7 


176.7 


176.7 


vjven r 


'%';n 






AOO 


40O 




Godet 3cm/s/°C 


100.54 


100.54 


105.11 


105.11 


105.11 


105.11 


FPM/°F 


110 


110 


115 


115 


115 


115 


Annealing °C 


- 


121.1 


121.1 


79.4 


79.4 


79.4 


Oven ^'F 




250 


250 


175 


175 


175 


Godet 4cm/s/''C 




89.57 


95.06 


95.06 


95.06 


95.06 


FPM/°F 




98 


104 


104 


104 


104 


Total Draw 


6.88 


6.88 


7.19 


7.19 


7.19 


7.19 


Ratio 














% of In-Line 


N/A 


10% 


10% 


10% 


10% 


10% 


Relaxation 














RPM is revolutions per minute. 












FPM is feet per minute. 













[0025] Extoided filaments 1-6 were wound on racks and annealed. Sample I, which Is a reference sample, was 
wound on a rack which allowed the filaments to shrink 10% during the annealing process. Samples 2-5 were wound 

50 on racks which did not allow the filaments to shrink during the annealing process. Samples 14 were annealed at 105°C 
for six (6) hours. Samples 5 and 6 were annealed at 120°C and 125°C respectively for six (6) hours. All the samples 
were tested using the following test procedures. The data from these test are presented in Table 2. 
[0026] The characteristic properties of samples 1-6 were determined by conventional test procedures. The tensile 
properties (i.e., straight and knot tensile strengths and elongation) displayed herein were detemnined with an INSTRON 

55 Tensile Tester. The settings used to determine the straight tensile, knot tensile and break elongation were the following, 
unless Indicated: 
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TABLE 2 





GAUGE 
LENGTH (cm) 


CHART 
SPEED{cm) 


CROSSHEAD SPEED 

(cm/min.) 


STRAIGHT TENSILE 


12.7 


30.5 


30.5 


KNOT TENSILE 


12.7 


30.5 


30.5 


BREAK ELONGATION 


12.7 


30.5 


30.5 



[0027] The straight tensile strength was calculated by dividing the force to break by the Initial cross-sectional area 
of the suture. The elongation at break was read directly from the stress-strain curve of the sample 

K °^ ^ determined in separate tests. The surgeon's knot was a square knot 

in which the free end was first passed twice, instead of once, through the loop, and the ends drawn taut so that a single 
knot was supenmposed upon a compound knot. The first knot was started with the left end over the right end and 
sufficient tension was exerted to tie the knot securely. 

[0029] The specimen was placed In the INSTRON Tensile Tester with the knot approximately midway between the 
clamps The knot tensile strength was calculated by dividing the force required to break by the Initial cross-sectional 
area of the fiber. The tensile strength values are reported in MPa (Kpsi = psi x 
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[0030] Sample Numbers 2-6 were produced by the inventive in-line annealing process described above. Sample 1 . 
which is a reference sample, was produced by racl< annealing the sutures following conventional manufacturing pro^ 
cedures. The data above demonstrate that the inventive process produces sutures that have approximately a 10% 
increase In the tensile strengths without significantly increasing the Young's modulus of the sutures. 
[0031] As shown in Table 4 below the BSR profile of the inventive process also improved as compared to the current 
process used to manufacture sutures from copolymers of glycollde and e-caprolactone. 
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Claims 



1. A process for producing a suture from a copolymer of glycolide and e-caprolactone comprising the steps of (a) 
extruding a melted copolymer of glycolide and e-caprolactone resin through an orifice and rapidly quenching the 

5 melted copolymer resin to produce a filament; (b) drawing the filament in the range of from 4X to 7.5X in a first 

drawing zone to produce a drawn filament; (c) drawing the singly drawn filament in a second drawing zone in the 
range of from 1X to 4X while in a first heated zone being maintained at a temperature in the range of from GS.G'^C 
{150°F) to 232.2**C (450**F), to form a doubly drawn filament; (d) In-line relaxation of the doubly drawn filament in 
the range of from 0.65X to 0.98X, in a second heated zone being maintained at a temperature in the range of from 

w 37.8^C (100°F) to 204.4°C {400''F), to form a relaxed filament; then rack annealing the relaxed filament to form a 

gtycolide/e-caprolactone suture. 

2. The process of claim 1 wherein the filament in the second drawing zone is exposed to a first heated zone being 
maintained at a temperature in the range of from 79.4°C (175**F) to 204.4°C (400°F). 

15 

3. The process of claim 1 wherein the filament is drawn in a single step in the first draw zone. 

4. The process of claim 2 wherein the filament is drawn by a second and a third godets. 

20 5. The process of claim 4 wherein the doubly drawn filament is maintained second heated zone in the range of from 
3 seconds to 20 seconds. 



6. The process of claim 4 wherein the singly drawn filament is drawn in the range of from 1 X to 3X the second drawing 
zone. 

25 

7. The process of claim 1, wherein: in step (c) the singly drawn filament is drawn in a second drawing zone in the 
range of from 1.0X to 1.9X; the second heated zone is maintained at a temperature in the range of from 65.6°C 
(ISO^'F) to 176.7°C (350°F); and the rack annealing of the relaxed filament is at a temperature of from 85°C to 
125°C for at least 4 to 8 hours. 

30 

8. The process of claim 7 wherein the total draw ratio of the suture from drawing and relaxing is In the range of from 
6 to 8. 

9. The process of claim 7 wherein the relaxed filament is annealed for in the range of from 5 hours to 7 hours. 

35 

10. A suture obtainable by the process of any one of claims 1 to 9. 



Patentanspruche 

40 

1. Verfahren zum Herstellen eines Nahtmaterials aus einem Copolymer aus Glycolid und e-Caprolacton, das die 
Schritte umfallt (a) Extrudieren eines geschmolzenen Copolymers aus Glycolid und e-Caprolacton, durch eine 
Duse und schnelles Abkuhlen des geschmolzenen Copoiymerharzes, um ein Filament herzustellen; (b) Auszlehen 
des Filaments im Bereich von 4X bis 7,5X in einem ersten Ausziehbereich, um ein ausgezogenes Filament her- 

45 zustellen; (c) Auszlehen des einzeln-ausgezogenen Filaments in einem zweiten Ausziehbereich im Bereich von 

1X bis 4X, wahrend ein zuerst erhitzter Bereich auf einer Temperatur im Bereich von 65,6°C (150° F) bis 232, 2°C 
(450° F) gehaiten wird, um ein doppelt-ausgezogenes Filament zu bilden; (d) iineare Entspannung des doppeit- 
ausgezogenen Filaments im Bereich von 0,65X bis 0,98X, wobei eine zweite erhitzte Zone auf einer Temperatur 
im Bereich von 37,8°C (100**F) bis 204,4°C (400''F) gehaiten wird, um ein entspanntes Filament zu bilden; dann 

50 "rack"-Hartung des entspannten Filaments, um ein Glycoid/e-Caprolactonnahtmaterial zu bilden. 

2. Verfahren nach Anspruch 1, wobei das Filament Im zweiten Ausziehbereich einer ersten geheizten Zone ausge- 
setzt ist, die auf einer Temperatur im Bereich von 79,4°C (175°F) bis 204.4°C (400**F) gehaiten wird. 

55 3. Verfahren nach Anspruch 1 , wobei das Filament in einem einzlgen Schritt im ersten Ausziehbereich ausgezogen 
wird. 

4. Verfahren nach Anspruch 2, wobei das Filament durch eine zweite und eine dritte Galette ausgezogen wird. 
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5. Verfahren nach Anspruch 4, wobei das doppelt-ausgezogene Filament in der zweiten enwamiten Zone im Bereich 
von 3 Sekunden bis 20 Sekunden gehaiten wird. 

6. Verfahren nach Anspruch 4, wobei das einzeln-ausgezogene Filament Im Bereich von IX bis 3X im zweiten Aus- 

5 ziehberelch ausgezogen wird, 

7. Verfahren nach Anspruch 1 . wobei in Schritt (c) das einzeln-ausgezogene Filament in einem zweiten Ausziehbe- 
reich im Bereich von 1,0X bis 1,9X ausgezogen wird; die zweite erhitzte Zone auf einer Temperatur im Bereich 
von 65.6°C (1 50°F) bis 1 76.7°C (350°F) gehaiten wird; und das "rack"-Harten des entspannten Filaments bei einer 

10 Temperatur von 85°C bis 125°C fur mindesten 4 bis 8 Stunden stattfindet. 

8. Verfahren nach Anspruch 7. wobei das gesamte Auszieh-Verhaltnis des Nahtmaterlals vom Ausziehen und Ent- 
spannen im Bereich von 6 bis 8 liegt, 

15 9. Verfahren nach Anspruch 7, wobei das entspannte Filament fur den Bereich von 5 Stunden bis 7 Stunden gehartet 
wird. 

10. Nahtmaterial, erhaltlich nach dem Verfahren nach einem der Anspruche 1 bis 9. 

20 

Revendlcations 

1. Precede pour la production d'une suture a partir d'un copolymere de gtycolide et de £-caprolactone comprenant 
les etapes consistant a (a) extruder un copolymere de resine fondue de glycolide et de e-caprolactone par un 

25 orifice et en trempant rapidement la resine de copolymere fondu pour produire un filament ; (b) etirer un filament 

dans une echelle de 4 fols a 7,5 fois dans un premier banc d'etirage pour produire un filament etire ; (c) etirer un 
filament etire un seule fois dans un second banc d'etirage dans une echelle de 1 fois a 4 fois a 65,6 ""C tandis qu'il 
est dans le premier banc chauffe, maintenu a une temperature situee dans une Echelle de 65.6 ""C (150 ""F) h 
232,3 °F (450 °F), pour former un filament doublement etir6 ; (d) relaxer en ligne le filament doublement §tir6 d*un 

30 ordre de 0,65 fois a 0.98 fois dans la seconde zone chauffee, en malntenant la temperature dans une echelle 

variant de 37,8 °C (100 °F) a 204,4 °C (400 °F), pour former un filament d§tendu ; et ensuite recuire sur support 
le filament detendu pour former une suture de glycolide/E-caprolactone. 

2. Proc6d§ selon la revendication 1 . dans lequei le filament dans le deuxi^me banc d'etirage est expose a la premiere 
35 zone chauffee en §tant maintenu a une temperature dans une 6chelle de 79.4 **C (175 °F) a 204,4 °C (400 °F). 

3. Precede selon la revendication 1 , dans lequei le filament est etire en une seule etape dans le premier banc d'etirage. 

4. Precede selon ta revendication 2. dans lequei le filament est etire dans une deuxieme et une troisieme chambre 
40 a godets. 

5. Precede selon la revendication 4, dans lequei le filament doublement etire est maintenu dans une deuxieme zone 
chauffee pour une duree variant de 3 secondes a 20 secondes. 

45 6. Procede selon ta revendication 4, dans lequei le filament etire une seule fois est 6tire dans une Echelle variant de 
1 fois a 3 fois dans la seconde zone chauffee. 

7. Procede selon la revendication 1, dans lequei : 

dans I'etape (c), le filament etire une fois est etire dans un deuxieme banc d'etirage dans I'ordre de 1.0 fois a 1,9 
50 fois, la seconde zone chauffee etant maintenue a une temperature situee dans une Echelle de 65.6 ""C (150 ''F) 
a 176,7 ""C (350 °F), et le recuit sur support du filament detendu se faisant a une temperature variant de 85 '^C a 
125 °C pour au moins 4 a 8 heures. 

8. Procede selon ta revendication 7. dans lequei le rapport d'etirage total de la suture de I'etirage et de la relaxation 
55 est de fordre de 6 S 8. 

9. Procede selon la revendication 7, dans iaquelle le filament detendu est recuit pour une duree variant de 5 heures 
a 7 heures. 
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10. Suture qui peut etre obtenue par le precede de n'Importe laquelle des revendications 1 a 9. 
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